Background: We present survival outcomes of patients registered in the Dutch population-based Eindhoven Cancer
introduction Incidence and survival rates of cutaneous malignant melanoma (melanoma) have been increasing markedly over the past decades in Caucasian populations [1] [2] [3] . There is, however, a shortage of up-to-date population-based survival statistics of melanoma patients. Most available survival estimates are for patients diagnosed up to 1996 [1] [2] [3] [4] [5] [6] ; very few recent population-based estimates are available [7] .
Clinicians and policy makers should use the most recent available information about survival of newly diagnosed cancer patients; however, almost all available survival estimates are based on patients diagnosed up to 1996. A new method of survival analysis, the so-called period analysis [8] , results in more up-to-date long-term survival rates than the traditional methods for estimating survival rates [9] [10] [11] . This is especially important when there have been recent improvements in survival, as is the case for melanoma [12] .
In this study, we evaluated the trends in incidence and survival of cutaneous malignant melanoma using information from the Eindhoven Cancer Registry (ECR). In order to provide up-to-date survival statistics, we estimated relative and crude survival rates of patients diagnosed with cutaneous melanoma by means of period analysis, stratifying or correcting for age, Breslow thickness, site and histogenetic subtype. As there are gender differences in both incidence and survival statistics, all analyses were stratified by sex. Multivariate analyses were carried out to simultaneously control for all these factors and investigate their effects on survival.
patients and methods
The ECR collects data on all patients with newly diagnosed cancer in the southeastern part of The Netherlands. The registry serves a population of 2.4 million inhabitants. The area offers good access to specialised medical care in 10 general hospitals and two large radiotherapy institutes. In the last 25 years, the number of dermatologists in the region increased from 30-45. Until 1988, the Registry only collected data on patients from the eastern part of the region, after which another part (the west) was original article and histogenetic type were calculated, excluding noncutaneous sites. Trends in incidence were estimated by calculating the estimated annual percentage change (EAPC). EAPC's were calculated by fitting a regression line to the natural logarithm of the rates (y) using calendar year (x) as regressor variable, i.e. y = mx + b; the EAPC = 100 (e m 2 1). One EAPC value was calculated for the whole period 1980-2002 because visual inspection of trends in incidence rates in this period showed no clear changes in the trends, making join point analyses unnecessary. Survival times were calculated from the date of diagnosis of primary melanoma until the date of death and considered censored for patients who were alive at their last date of follow-up. In addition to crude survival rates, relative survival rates were calculated. Relative survival is an estimation of disease-specific survival, as it is corrected for the background mortality in the general population within the same age-and sex groups. As different (sub)types of cancer often occur in patient groups with different age structures, comparisons between patient groups, registries or countries, should use relative rather than crude survival estimates. The relative survival is calculated as the crude survival rate among cancer patients divided by the expected survival rate from the general population with the same sex and age structure [14] . Standard errors were calculated according to Greenwood's method [15] .
In order to provide up-to-date estimates of long-term relative survival for a recent time period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) , period analysis was used. This means that all observations included in the analyses are left-truncated at the beginning of the period of interest in addition to being right censored at its end. The method of period analysis is described in detail elsewhere [8, 16, 17] . Relative survival estimates for patients diagnosed in earlier time periods were made using traditional cohort-based analysis. Relative survival rates were calculated with the SAS computer package (SAS Institute Inc., Cary, NC 1999), using a publicly available macro [18] .
We analysed relative survival by the known prognostic factors that were available from the cancer registry: age at diagnosis, sex, body site, histogenetic subtype and Breslow thickness of the melanomas. We subdivided the patients into young (<60 years) and elderly (60 years and older) melanoma patients and carried out all analyses separately for men and women. Body site was subdivided into head and neck, arms, trunk, legs, other and unknown body sites. Histogenetic subtype was divided into superficial spreading melanomas (SSM), nodular melanomas (NM), lentigo maligna melanomas and other melanomas, which included all other types of melanomas and melanomas of which histogenetic subtype was unknown. We made a subdivision into melanomas with a Breslow thickness thinner than 1.0 mm, between 1.01 and 2.0 mm, 2.01-4.0 mm and >4.0 mm. Eleven per cent of male and 7% of female melanoma patients had an unknown Breslow thickness.
Multivariate analyses were carried out using the Cox proportional hazards model, including the variables year of diagnosis, age and Breslow thickness as continuous variables, sex, body site and histogenetic subtype in the same categories as used for the stratified univariate analyses described above.
results
A total of 1644 male and 2372 female melanoma patients were included in the analyses ( Table 1) . Incidence of melanoma has been increasing rapidly. Current and past incidence rates per 100 000 person-years by sex, age, body site, histogenetic subtype and Breslow thickness of the melanomas are given in Table 1 . Overall, increases in incidence during the period 1980-2002 were 4.8% for men and 4.3% for women. Strong increases (>4.5%) were observed for melanomas on the trunk (both sexes), melanomas on the arms (women), SSM and NM (both sexes), melanomas with a thickness of £1.0 mm (both sexes) and for melanomas with a thickness >1.0 mm (men).
Median age at diagnosis was higher for men (53 years) than women (49 years). Sixty-nine per cent of women and 54% of men were diagnosed with a relatively thin melanoma (Breslow thickness £ 2.0 mm). Among females, but not males, a strong shift to earlier diagnosis seems to have occurred; increases are only seen in the categories with thinner Breslow thickness, whereas no significant increases were observed for the categories with a Breslow thickness ‡2.0 mm ( Table 1) .
Ten-year crude survival rates were 82% [95% confidence interval (CI) 78% to 86%] for females and 60% (54% to 66%) for males. Twenty-year relative survival rates were 12%-13% units higher than the crude survival rates: 93% (89% to 98%) for females and 72% (65% to 79%) for males ( Figure 1) .
Ten-year crude and relative survival of head and neck melanomas were lower than that of other body sites among males, but only reached significance for crude survival, after taking the background mortality into account (relative survival) this difference was not longer significant (Table 2) . Five-year survival rates of melanomas in the head and neck area and on the trunk were significantly higher for females than males; among males NMs exhibited a significantly worse survival than the other histogenetic subtypes.
Trends in 5-and 10-year relative survival over time are depicted in Figure 2 . Since the early 1980s, survival of melanoma has improved substantially, except for elderly males, whose survival rates remained stable. In the early 1980s, 5-year relative survival was 84% (95% CI 77% to 91%) and 62% (51% to 73%) for young (<60 years of age) females and males, and 66% (46% to 86%) and 69% (42% to 96%) for elderly (aged 60 and over) females and males, respectively. This improved to >90% for females of all ages [young females 95% (92% to 98%) and elderly females 93% (85% to 101%)] in the period 2000-2002. Five-year relative survival rates in 2000-2002 for young and elderly males were 78% (73% to 83%) and 72% (61% to 83%), respectively. These increases were statistically significant for females only and borderline significant for young males. Ten-year relative survival rates also increased substantially for females, reaching significance for the age group <60 years ( Figure 2) .
The multivariate analyses showed that, taking into account tumour-specific characteristics such as body site, histogenetic subtype and Breslow thickness, the survival of melanoma patients has improved over the years (Table 3) . For every more recent year of diagnosis, the hazard ratio of dying decreased with 4% compared with the previous year. These analyses also show that being male or having a melanoma on the trunk, having a NM or a melanoma with higher Breslow thickness significantly increased the hazard of death (Table 3) .
discussion
We reported up-to-date population-based survival rates of melanoma patients diagnosed in the southeastern Netherlands. Despite the absence of major improvements in melanoma treatment [19, 20] , survival rates have improved substantially over the past two decades, except for elderly men. It is unclear why elderly men did not benefit from the improvements that were accomplished for the other groups, although it is known that females and younger males are more sensitive for sun-safe messages [21] and therefore, melanomas are probably detected earlier in this group. These improvements in survival rates are surprising as marked increases in incidence were still Earlier detection seemed to have occurred among females, where there were no significant increases in the group of melanomas with a Breslow thickness of ‡4.0 mm, whereas strong increases were observed in this category among males. Contrary to the United States, where Welch et al. [22] observed that the increases in incidence was largely the result of increased diagnostic scrutiny rather than real increases in the disease, the increases in melanoma incidence in the ECR population were not confined to early-stage cancer and mortality did increase [23] .
Relative survival estimates were always higher than crude survival statistics, due to the fact that the crude survival rates are corrected by the background mortality of the population. This is clearly illustrated in the case of head and neck melanomas, and melanomas occurring in people aged ‡60 years, where we observed differences of >20 per cent units. This phenomenon is caused by the fact that these are populations of elderly patients, in which the background mortality is high, hence, mortality due to melanoma only contributes a small part to the overall mortality.
The observed survival rates are higher than most reported by other studies, especially for females [1] [2] [3] [4] 24] . This is mostly due to the fact that we used more recent data and a method which produces more up-to-date estimates of survival [8, 16, 17] . Most other studies used traditional methods to calculate melanoma survival rates, resulting in estimates that represent survival rates of previous generations of melanoma patients, rather than the most current estimates. The available, but mostly outdated, population-based data on melanoma survival showed substantial differences in survival between countries [4] with marked improvement of 5-year survival rates over time [1, 3] . The most recently reported European average 5-year relative survival for melanoma patients diagnosed between 1990 and 1994 was 85% for women and 75% for men [4] . Five-year relative survival rates for Australians diagnosed with melanoma between 1992 and 1997 were 90% for males and 94.6% for females [25] . Surveillance, Epidemiology and End Results (SEER) statistics (United States) for whites diagnosed with melanoma between 1996 and 2002 were 90.3% (males) and 93.4% (females) [26] . Most European population-based studies used traditional methods for survival analysis; 5-year crude survival estimates being between 85% and 87% for women and 80% for men [2, 3] , the most recent 5-year relative survival rates come from Yorkshire, England, and were 81.5% for women and 70% for men [7] . Five-year crude survival rates in the cohort used by the American Joint Committee on Cancer were only 73% and in the SEER registry 89% [27] . The American Joint Committee on Cancer (AJCC) melanoma staging system was designed to determine criteria to be used in the tumour-node-metastasis classification and stage grouping. The criteria were meant to be Ôrelevant to current clinical practiceÕ, Ôregularly incorporated in clinical trialsÕ and the required data should be Ôsufficiently easy for tumour registrars to identify in medical records to code staging informationÕ [28] . The staging system was tested in the AJCC cohort which included patients diagnosed as early as 1940 and used cohort analysis to estimate survival rates [24] . Moreover, the AJCC cohort was not population-based but rather influenced by varying referral patterns and clinical trial entry criteria to tertiary medical centers and cooperative groups. These features might have skewed the patients distribution overall compared with the general population [24] . These characteristics of the AJCC cohort and analyses cause the presented survival rates to be largely outdated and not representative of the general population. In this study, we presented population-based data of all patients diagnosed in the ECR region. The survival rates predicted by the AJCC were already proven to underestimate survival in the USA population [27] , as they are now proven to do for this Dutch population.
Although women had higher incidence rates of melanoma than males, their survival rates were significantly better: 20% higher 5-and 10-year relative survival rates than men. This gender difference in survival has been reported previously and is currently not well understood [1] [2] [3] [4] [5] [6] [7] . Part of the difference was probably due to the fact that compared with men women were younger at diagnosis and were more often diagnosed with thin melanomas and of the SSM type [29] . However, even melanomas of the same Breslow thickness and histopathological subtype and trunk and head and neck melanomas exhibited better relative survival rates for females than males. The multivariate analysis showed that, after correcting for all these factors, the hazard of death for male melanoma patients was significantly higher than for women. Therefore, besides a younger age, better stage at diagnosis and more favourable histogenetic subtypes, other factors are likely to be responsible for this superior survival of women. This phenomenon deserves further investigation.
Most [6, 24, 30] , but not all [5] , previous studies showed a worse survival for patients with trunk melanomas. In this study, absolute and relative survival rates of patients with trunk melanomas were not significantly worse compared with survival of patients with melanomas on other body sites. However, after taking all available prognostic factors into account simultaneously in the multivariate analyses, trunk melanomas had a significantly increased hazard ratio.
NMs had a worse survival rates than SSM among males only, the reason for this remains unclear. It probably has to do with Annals of Oncology original article more favourable other tumour characteristics among women. In multivariate analyses, NMs showed an increased hazard ratio. Few other studies reported survival rates by histogenetic subtype, usually being worse for nodular than for SSMs [5, 7] .
Unfortunately, no information was available on ulceration, which is an important prognostic factor. Should we have been able to include ulceration into the multivariate models, the results would likely have changed towards an important effect of ulceration and a somewhat less strong effect of Breslow thickness alone.
In conclusion, survival of melanoma in the south-east of The Netherlands has improved over the past decades, mainly in the 1980s. Especially for women with thin melanomas, the prospects are very good. Secondary prevention activities seem to have been effective for females only. Ways should be found to better reach the elderly males, because in this group many life-years can theoretically be gained by improving early detection.
acknowledgements
The authors would like to thank the ECR for the data collection and data disposition. This study was funded by the Comprehensive Cancer Centre South. 
